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REMARKS 

Favorable reconsideration of the subject application as amended above is respectfully 
requested in view of the following comments. 

Claims 1-7 and 9-16 are pending in the present application; claim 8 having been canceled; 
and claims 11-14 withdrawn from consideration. Accordingly, claims 1-7, 9, 10, 15 and 16 are 
presented for examination on the merits. 

Claim 1 has been amended to recite that the buffered medium comprises trypsin, a trypsin 
substrate and polycarboxylic chelating agent. The claim has been further amended to recite that the 
chelating agent reduces variation in the detected amount of trypsin inhibitor compared to control 
lacking the chelating agent. Support for this latter amendment is found throughout the specification, 
and in particular Tables A and B and the summary of results shown in Tables A and B set forth on 
page 9. Accordingly, no new matter is added by these amendments to claim 1. 

It is respectfully submitted that the amendments to claim 1 do not add new matter and do not 
necessitate additional searching on the part of the Examiner. Moreover, these amendments place the 
claims in condition for allowance. As such, it is respectfully submitted that the amendments are 
proper and should be entered. 

I. Rejection of Claims 1-7, 9, 10, 15 and 16 Under 35 U.S.C. § 112 

Claims 1-7, 9, 10, 15 and 16 stand rejected under 35 U.S.C. § 112, first paragraph, as 
allegedly failing to comply with the written description requirement. It is respectfully submitted 
that this rejection is rendered moot by the amendments to claim 1 above. 
Accordingly, it is respectfully requested that this rejection be withdrawn. 
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II. Rejection of Claims 1-7, 9, 10, 15 and 16 Under 35 U.S.C § 112 

Claims 1-7, 9, 10, 15 and 16 are rejected under 35 U.S.C. § 112, first paragraph, as allegedly 
failing to comply with the written description requirement. It is respectfully submitted that this 
rejection is rendered moot by the amendments to claim 1 above. 

Accordingly, it is respectfully requested that this rejection be withdrawn. 

III. Rejection of Claims 1-7, 9, 10, 15 and 16 Under 35 U.S.C § 112 

Claims 1-7, 9, 10, 15 and 16 are rejected under 35 U.S.C. § 112, second paragraph as 
allegedly being indefinite. It is respectfully submitted that the amendments to claim 1 render this 
rejection moot. Withdrawal of this formal ground of rejection is respectfully requested. 

IV. Rejection of Claims 1-4, 7, 9, 15 and 16 Under 35 U.S.C. § 103(a) 

Claims 14, 7, 9, 15 and 16 stand rejected under 35 U.S.C. § 103(a) as being unpatentably 
obvious over Uenoyama et al. in view of Berry et al The Examiner states that the primary reference 
merely differs from the present invention in that it fails to teach the addition of a polycarboxylic 
chelating agent to the buffered medium to inhibit interference with calcium present in the medium. 
The Examiner relies on the secondary reference (Berry et al.) as teaching the use of EGTA or EDTA 
as chelating agents which inhibit interfering calcium ions in a urine sample. The Examiner 
concludes, therefore, that it would have been obvious to one of ordinary skill in the art to 
incorporate the polycarboxylic chelating agent of the secondary reference into the method taught by 
Uenoyama. 

Applicant respectfully disagrees with the Examiner's conclusion. 
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The present invention is directed to a method for eliminating the interference of calcium 
ions with trypsin activity so that trypsin inhibitor activity in a urine sample can be accurately 
measured. Applicants have discovered that certain chelators, the polycarboxylic chelators, such as 
EDTA and EGTA, bind sufficiently strongly to calcium ions to completely cage the ion and prevent 
it from binding to and interfering with trypsin, without the necessity of having to remove the 
chelator-calcium complex from the reaction buffer. Applicants' studies have shown that this effect 
of polycarboxylic chelators is specific to trypsin. This effect is not seen with other enzymes. 
Moreover, Applicants' studies have shown that other chelators, such as monochelator phosphates, 
are capable of binding to calcium ions, but are not capable of inhibiting calcium from binding to 
trypsin and interfering with its activity. 

Applicant tested buffer systems containing 50mM sodium dihydrogen phosphate, a known 
monochelator phosphate to determine whether this chelator has an inhibitory effect on calcium ions. 
The results are reported in Table A on page 8 (Example 1), where it is seen that there is significant 
variation between samples in the presence of this monochelator. However, when approximately 
0.002 M EGTA was added to the buffer system, variation between samples was significantly 
reduced. 

The results reported in Tables A and B also demonstrate that addition of EGTA to a urine 
sample containing trypsin does not inhibit trypsin activity. This result is surprising since it is known 
that most enzymes are sensitive to selective binding agents, such as chelators. For example, it is 
well known in the art that the enzyme, alkaline phosphatase, is inhibited by EGTA (Zygowitz, E. 
1975, copy enclosed; Shan et al., 1983, Anal. Chem., 65:3053-3060, copy enclosed). Thus, 
Applicants' studies demonstrate for the first time that addition of polycarboxylic chelators to a 
sample can prevent calcium from interfering with trypsin activity without causing any reduction in 
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trypsin activity. This discovery has enabled Applicants to develop an accurate and easy to use test 

for the presence of trypsin inhibitor in a urine sample. 

In contrast to the present invention, the primary reference merely discloses a method for 

assaying amount of trypsin inhibitor in a urine sample which requires the addition of calcium to 

the assay medium. According to Uenoyama et al., "when the concentration of the calcium mixed 

in the buffer solution is or the like is low, trypsin may be activated by the influence of calcium in 

the urine sample, so that the observed trypsin activity measurement would indicate a lower value 

for the urinary trypsin inhibitor concentration than the real value. Furthermore, if an excess 

amount of calcium is added, it reacts with carbonate ions, phosphate ions and the like present in 

the urine to produce precipitates, which affect the measurement." (Col. 1 :41-49) Uenoyama et 

al. teaches that by holding the calcium concentration at a constant level in the assay buffer, a 

reproducible value for trypsin inhibitor is obtained. Uenoyama et al. teach that calcium must be 

added to the assay buffer in a range of from 0.15 micomol or more per 1 microgram of trypsin 

in order for the activity of the trypsin to be constant. For example, Uenoyama et al. disclose: 

A further aspect of the invention is the use of a particular 
calcium content in the assay mixture. Thus, in this aspect, 
the invention provides a method for the assay of a protease 
inhibitor in a sample, comprising mixing the sample, a 
protease, calcium and a protease substrate, and assaying the 
content of protease inhibitor in the sample by measuring the 
activity of the protease, characterized in that, the calcium 
content is at least 0.15 .mu.mol per 1 .mu.g of protease and 
no more than 100 .mu.mol per 1 ml of the sample. (Col. 2:38-46) 

and 

The calcium may be supplied in any convenient form known 
in the art for such assays, e.g. as a salt, for example CaCl.sub.2. (Col. 2:47-49). 
Thus, the Examiner's assertion that this reference teaches the present invention with the 

exception of the use of a polycarboxyic chelating agent to inhibit calcium interference with 

enzyme activity is a mischaracterization of the reference. This reference actually teaches 
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addition of calcium to the assay buffer at a predetermined concentration in order to minimize 
the deleterious effects of the calcium. It does not teach or suggest that the calcium present in the 
urine should be inactivated. Nor does it teach or suggest that addition of a polycarboxylic acid 
chelator to the urine sample inactivates calcium ions so that they cannot interfere with trypsin. It 
merely teaches how to reduce or eliminate the effect of the calcium in the urine by bringing the 
calcium concentration to a predetermined level which can then be factored out of the equation. 
As such, this reference teaches away from the present invention in which a chelating agent is 
used to complex all of the calcium present in the urine and thereby inactivate the ions. 

The secondary reference teaches that the concentration of ions, e.g., calcium, in a body 
sample can be determined by addition of a chelator to a buffer solution which is added to the 
sample. Similar to the teachings of Uenoyama et al., Berry et al., discloses that if the concentration 
of the interfering ions is known to occur at a relatively constant concentration in the sample being 
tested t is possible to factor out the inhibitory effect of the ions on a particular enzyme activity. 

Berry et al. also discloses that a chelator can form a complex with the free ions in a solution 
and reduce interference of the ions with an analytical enzyme in the sample. However, this 
reference does not teach or suggest that polycarboxylic chelators, such as EDTA and EGTA are 
capable of binding strongly enough to calcium ions to completely prevent the ions from binding to 
trypsin. In fact, Berry et al. limited the discussion of enzymes to transferases and hydrolases, and 
did not disclose the effect of chelators on any proteases, in particular, trypsin. Moreover, 
Berry et al. teaches use of two selective binding agents to bind the interfering ions. Berry et al. 
teach that a competitive exchange of the ions between a first and second selective binding agents 
must occur. In addition, Berry et al. teach that the bound ions are removed from the sample, 
rather than simply inactivated as in the present invention. 
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It is respectfully submitted that the practitioner of ordinary skill in the art would not be 
motivated to combine these references in the manner asserted by the Examiner. The primary 
reference teaches as a whole that interference of calcium ions in a urine sample is addressed by 
bringing the calcium concentration to a constant, predetermined level in the test sample. The 
secondary reference also teaches that if the concentration of the interfering ion is known, 
"allowance can be made for this by including an appropriate concentration of the interfering ion in 
standard (calibrating) solution." (Col. 3:62-66). Thus, the combination of these references teaches 
that interference of calcium ions on enzyme activity is effectively dealt with by adding ion to the 
standard (control) and sample so that both have the same amount and thus, the effect on enzyme 
activity is masked. 

The Examiner has read out of the primary reference an essential step- the addition of 
calcium to the sample is required to bring the calcium concentration to a known, constant level- 
and replaced it with the teachings of the present invention. However, at best the combined cited 
prior art merely teaches addition of calcium to the samples to mask the inhibitory effect of the ions. 

Moreover, neither the primary nor secondary reference, alone or in combination, discloses or 
suggests that addition of EGTA to a urine sample completely complexes the calcium ions present 
therein and eliminates variations between samples, without removal of the chelator-ion complexes 
from the sample. As such, the combined prior art does not render the claimed invention obvious. 

Accordingly, the rejection of claims 1-4, 7, 9, 15 and 16 under 35 U.S.C § 103(a) over 
Uenoyama et al. in view of Berry et al. is respectfully traversed. 
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V, Rejection of Claims 5 and 6 Under 35 U.S.C. § 103(a) 

Claims 5 and 6 stand rejected under 35 U.S.C. § 103(a) as being unpatentably obvious over 
Uenoyama et al., in view of Berry et al., and further in view of May et al. The Examiner has applied 
Uenoyama and Berry as above and relies on May as teaching a diagnostic test device containing dry 
test reagents. The Examiner concludes that the present invention would have been obvious to one 
of ordinary skill in the art to use the device of May to practice the method of Uenoyama as modified 
by Berry, 

Applicants respectfully disagree with the Examiner's conclusion. 

As discussed above, the combination of Uenoyama and Berry does not teach or suggest the 
present invention. In particular, this combination of prior art does not teach use of a polycarboxylic 
chelating agent to inactivate calcium ions present in a urine sample to prevent calcium interference 
with trypsin. The third reference does not cure this deficiency 

May merely teaches a device containing dry test reagents. This prior art reference does not 
teach or suggest use of polycarboxylic chelator in a urine test sample to reduce variations between 
samples. Nor does this reference teach that polycarboxylic chelators completely block calcium ions 
from binding to trypsin. Thus, this cited reference does not cure the deficiencies of the primary and 
secondary references and the cited combination of prior art does not render the present invention 
obvious. 

Accordingly, the rejection of claims 5 and 6 under 35 U.S.C. § 103(a) over the cited prior art 
is respectfully traversed. 
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VI. Rejection of Claim 10 Under 35 U.S.C. § 103(a) 

Claim 10 stands rejected under 35 U.S.C. § 103(a) as allegedly being obvious over 
Uenoyama et al. and Berry et al as applied above, in combination with Nanbu et al. The Examiner 
states that Nanbu teaches use of L-amino acids as a trypsin substrate in an assay for trypsin 
inhibitor. The Examiner concludes, therefore, that it would have been obvious to one of ordinary 
skill in the art to have used the substrate taught by Nanbu in an assay taught by Uenoyama and 
modified by Berry. 

Applicant respectfully disagrees with the Examiner's conclusion. 

As discussed above, the combination of the primary and secondary references does not teach 
the claimed invention as set forth in claim 1. Thus, the combination of these two prior art references 
with Nanbu et al. does not render the invention of claim 10 obvious. The combination of art does 
not teach or suggest the claimed method of assaying for trypsin inhibitors in a urine sample wherein 
calcium in the urine sample is completely complexed with a polycarboxylic chelator to thereby 
eliminate calcium interference with trypsin. 

Accordingly, the rejection of claim 10 under 35 U.S.C. § 103(a) over the combined cited 
prior art is respectfully traversed. 

It is respectfully submitted that the present application, as amended above, is in condition 
for allowance, an early notification thereof being earnestly solicited. 

To the extent necessary, a petition for an extension of time under 37 C.RR. 1.136 is hereby 
made. Please charge any shortage in fees due in connection with the filing of this paper, including 
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extension of time fees, to Deposit Account 500417 and please credit any excess fees to such deposit 
account. 

Respectfully submitted, 
McDERMOTT WILL & EMERY 

Judith L. Toffenetti 
Reg. No. 39,048 

600 13 th Street, N.W. 
Washington, DC 20005-3096 
(202) 756-8000 JLT:cac 
Facsimile: (202)756-8087 
Date: October 6, 2003 
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2. Classification of Buffet*. 

Baffin u«l tar Minmci of ALP «ctm^4B^Tbo clcoolfleri 
lata thm groope (5) : U neutral buffer* containing cotboaete or 
barbital which or* in* re to the eaoyao, substrate end eetlvotot*, 
And BiM^lf buffer tho ructloa al*ture. 2) Inhibitor? feoffor* such 
oo glyclm. which probably chelote with end pethepe move else 
activator tram tho oasyna, and 3) activating buffer* • rach ao 
TCXB. 1A2K1P, MM, mi* CAE* which accept tho phoophoryl product 
a«l thaa serve mm co-suhetiutec to cho tmyti rnsctlon. 

Aa d ascribed to tho focttoo on "leactlou Hnchenloue". trane- 
phasphory is t Ion lo tho cronofor at tho phoophoto groups 
frm tho subetrots to corteln organic chont eol caopmdo coo to taint 
on CH-group thot oro preoeat la tho enaction syotca oo baffor or 
otherwise (10K Tho fomttoa of on sccepcor-pfaoepfaot* oo roocttnu 
product requires o two-oubotroto reaction* with tho organic phoo- 
photo (-donor) ted the elesfaol (^accepter) serving oo subs era ess 
aai ce«*ubstratss. Tho tncracalag ALP activity obcetvod by In- 
creasing Hie alcohol concentration perallelt tho tncrneeed phoo- 
photo cronofor scelvlty, oad toipiC thot tho relation bocvooo 
ensyw reaction rate and acceptor concentration follow tho ' 
Hlchaello-tfentan oquotloa. 

Since thooo aalaatod olcohola are phoophoryl acceptor*, which 
a loo taction to baffor tho mnxywm rooetloo ulxcur*. they ooy bo 
dooorlbod oo "phnephertyleteble buffers". It to oloo epperent 
time som phospiwte traaofor con occur with ocoeptoro thot are oot 



buffers , oo hoe beea noted la tho preseace of high coacentrotlooo 
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THIS MATERIAL MAY 
3E PROTECTED SY 



The characterization of immobilized Escherichia. 
eoU alkaline phosphatase motor* uied in flow 
Injection analysis U reported for factors such as 
optimum pH, activity, ionic strength, product 
inhibition and substrate specificity. The kinetics 
of ihe immobilized enzyme was studied, and 
mathamatlcal descriptions won developed for tho 
on of aa immobilised enzyme pexked-bed motor 
to evaluate the kinetic parameter* and tke number 
of active sites on the immobilised enzyme. Sup- 
pression of phosphatase activity by orthophoe- 
phate was found to be significantly reduced, and 
the Michselis-Menteu constant increased when 
the enzyme was immobilised and packed in a 
reactor. Immobilised K ca// alkaline phosphatase 
exhibited similar activity at pH 8 In Tris-HCI, 
NaHCOt and borate-HCl buffers but slightly 
lower activity in NH*HiO-NH«Ae bufTer. The 
performance of the immgfc" 1 "* 8 en Byrne reactor 
was not affected by the presence of up to 10 M 
Mff(II). S\{U), Cd(II). Co(n). Mn(II), Cu(n). or 
am, I M Fe(D), or 0.1 M Fe<ni) in the substrate 
stream. The chela ting agent EDTA, however, 
gradually deactivated the Immobilized enzyme. 
The periodic restoration of enzyme activity was 
achieved following the removal and addition of 
zinc ions. The Immobilized K ooii alkaline phos- 
phatase packed-bed reactor was used to measure 
the alkaline phosphatase available phosphorus 
content of a number of model organophosphorus 
compounds. p»NltrophenyI phosphate showed a 
Hwair response in the range of 1.6 x lO"M-o X 10* 
M. This study forms part of a larger program to 
develop enzymatic systems for water quality mea- 
surement. 

INTRODUCTION 

Th* uae ctfiasv>biUzsd sexy m a s for rharnirsj analysis has 
reanreiad cnoaidarabk urUraat in recent years. u Onearea 

I if I II— SI I ll SI ti 1 \tj Fl thfl Til Tf TTFIT ^'r* 1 — * —y— 

paczed bed rwactors (IBPBR) in flow injection analysis 
(TTA). U The FIA m#thodolQCy enables the amditums is sn 
enzyme reactor to be precisely defined sod provides s 
amBTOnieni means for cheracterisint; unmo coined enzymes 
fat fkcton such ss pH. Cam pea stars, activity, stability, 
substrata spaofidty. inhibition, and selection of support. 
Other s iKsnu s j sB of FIA include high sample throughput 
and small volume rae> 



Theoretical aspacts of pankad-bad immobilized biocstalyst 
reactors have been reported by several suthoraV Hare a 
relevant model is presented far sn ■■■■mAnu^ Keckmtiehia 
cali alkaline phosphatase reactor, and simple mathematical 
expreaiona art developed for evaluating the kinetic perem- 
etars which describe the immobilised enzyme. Hue kinetic 
appro ach enahlm one to optimize reaetion condition* for an 
DSPBR, to predict the necseaary reactor sisB.andtodetermlas 
the linear measurement range. 

Nonspecific alkaline phnsphstssea are the most widely 
recognised enzymes in squatk systems^ 10 They hava been 
shown to be important in the utilisation of a ft at t kai of 
diasofvedorrmnkphfs^hnnisbyorgw 
and bacteria. 11 Quantification of this enzymsticelly hydro* 
Lyzsble fraction of pboapharisi 01 thought to be important in 
understanding the cycling of phosphorus in natural waters 
and in improving water quality msnazvDentstn testes. The 

phosphatase from £. coli hava been studied in datsiL 11 -" 

Tk« iwVihUim Ky ■i^tirK Oiia Twymi KyilwilyMimktfrtii 

have been proposed by numerous authors, 1 *" 1 * In this paper, 
we report a study to chsracteriie unxoobilissd£.cou'alkalina 
phosphatase for usa is ouesuring ensymatkally available 
phosphorus in natural and w aste waters. Fac tors such as 
pH, buffer medium, substrate specifidty. product inhibition, 
interferences, and activity restoration ware studied. ThJe 
study is part of a larger program to develop eaaymatk systems 
that can be used to provide more specific measurements of 
water quality. 

EXPERIMENT AX SECTION 

Matariala. B. coli alkaline pboaphetn (EC &U.1) was 
purchased from United Stama BiochanucslCorpanrUaa(ProiiQCt 
No, 10940). CNB^scdvaUd Saphamat 4B baada, used as tba 
. for aexyms Unmobiuzstion. wera obtained from Fbar- 
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p-Nltrophextyi phoeptae (p*NPP) (dxaxihon aah. I 
drat*. Sigma), r>«lucaoa 6»pfcoaphata (oUaodium exit, hydrate. 
88% v Sigma). ^*mir 6'*tripoiypho«phate (diaadium aalt, from 
aquinemuecaB, crihydimte, 99 *.Sia«). •odium thnolyphoephate 
(AjexJ. Di^gtywol pboaphate (diaodhro eelt heaehydrate. 
96%), aodium pyiwjvhoaphate (oWxhydrexe, ACS reagent. Sigma), 
(2-axeixioethyOphoophonir (97%. xnbydraue, Sigma), 
phoxpiawfarmic sod (trleodiusa uIl hexahydrete. Sigma), 
phytic mad (magxaenum potexeium tilt 95%, Sigma), aad haw 
(p-nitropbonyt) phnapciete (aodium eeh, Sigma) vara used a* 
in enxyme epecffieity exaay*. p-NitropheDol <p»NP), 
in the eaiihratioo of enxymatic rrartinna, wax alao to 
All odaar cbnxajcabi van of analytical grade and wrm 
from BDH ar Aiax. The pH of buffer eohirJonx was manured 
with a Model PHM82 nxndard nH mater (Radioouter, Gopco- 
ah Solution uaad Id enxyme unmobilixation precedurea 
1 prepared at laast 3 h before their ua« aad atored at 4 *C to 
mlnlmaaaoayaudaactivataaa. All point lorn ware prepared with 
Mffli-Q reagent water (Milllpora Corp.). 

la tba au e c tr u p h otomotric FIA maaxuramant of orthnphne- 
pheta. the addle ammonium moiybdate eolutioa aad acidic tin- 
(ID chlorida aolutkm wan prepared by the mathod of Karlberg 
andPacey. 1 * Tba farmer contained 6 mM ammcouum moiybdate 
end 0.63 M coacattrated rulfuric acid. The Uter contained QJ9 
mM tinCXX) chloride, IS mM hydraxhim sulfate, and 0.6 M 
concentrated eulfuzic acid. Tba 4^pyi^uua)reaorciaol (PAR) 
(dieodium aah, Eastman Kodak Co.) reagent uaad in tba Zatfl) 
kma maaauramaat m 3 X M aad waa prepared before uaa 
by completely diaaoWing tba PAR in 200 mL of 7,4 M ammnnia 
eotution and than elowiy adding 300 mL of 1.7 M are tic ecad. All 
aolutiona uaed hi flow injection eyetema ware degaxaad whenever 
it waa u ■uaa try. 

Preparation of th* Iam»biU*-d Raxyme- Coupling pro- 
cedural rornrnmerwiod by Pharmacia" ware amployed for the 
immobUlatian of E. coU »ifc«H— phoephataee. In two prepa- 
ration^ Q.2S g (batch Da0i| (batcb Z) or CNBr»ectivated 
Sepharoae 4B, aftax being waabad with 10 mM HCL waa mixed 
with &2 mg (batch 1) or 6 mg (batch 2) of enzyme* in 2.5 mL of 
coupling buffer (ai M NeHCOfc containing 0.5 M NeCl). Tha 
mixture waa geoUy rotated *ad<*mt ami at 4 *C overnight, Tba 
gal waa than washed with coupling buffer, and remaining active 
croupe were blocked anthTravHO buffer (0.1 M, pH 8) for 1-2 
hat ran temperature. The got waa further waabad wttb tbrea 
cydaa of buffere of alternating pH to remove protein. Toe 
Hauftxrrt »ifc"'"»- pniBplialaae rUplian— nel aaeiTiirulaHT 
in Tria buffar (0.1 M, pH 81 Tba immnHliaod enxyme ahowad 
eaxauentetahffiryirpanetoraga. No chxmjemactrorywm noticed 
altar a period of 3 month*. 

Dwtermiaation of En cyme Activity. The activity of free 
r ii«i;an pboBphataaa waa detanaiaed by manuring the rate of 
o-NP formation epertrophoYomathcmUy. After a amaU aliquot 
of anayme eolution waa addadinto 3 mL of Trie buffar (1.0 M. 
pH 8 containing 0.001 M r>NPP), tba mixture waa mixed, and 
the change in eanrbance at 410 un waa monitored over tba first 
2 min. The aaaey waa conducted at room temperature (22-25 
*C). Tria buflera containing p-NPP ranging from 2.60 x 10" to 
1.04 x 10** M ware uaad in the determination of a Mkhaeue- 
Maotan constant for the free ataryine. Tria buffera mnUiohg 
a given concentration of p-NPP but uciwamiog amouata of 
orthophoaphate raogiag from Ml x 10r* to 9^8 x 10-* M m 
uaad for the 0>tBrminatkm of a dUaaoriatios cooatant of the 
pbcepboryl auajm e in aoiutinn 

The activity of oninobund enxyme w«i determined In a 
manner luuuar to that for the free earynm,axc«pt that the isir^ura 
waa ctrrred for 3 min after the eoViftinn of a email vol urn* of 
inimobilixed anayme and the ahaorbanca waa miaaured at the 
cod of the mixing period. Tba tctiviriea of batch 1 and batch 2 
preparation* ware determined to be 8*6 and 6.7 unite mL- 4 , 
raapectlvaly. Coupling eflkaency waa about 30%, In pH- 
dapendant aaaaya, Tha bofbra of the tame concentration, but 
varioua oiBcenoadoaa of HCl, < 



(19) KarUMrg, B.: Pacay. 0. K> ffcu /n/cction Hm^ui, A ^WoW 
GuUUi EbavUrr. Aaaatetdaai aad N«* York. IBS. 

CZO) Preduct iafSarmadoo oote, Fhanaacia LKB BiffrUrhocicgy, 1681. 
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PaoalnaT the Enayme Bwctor. The aaeyme bed reactor* 
(1.1-mm Ld. X 2 mm. L7-mm Ld. X 5 mm, 3-mm UL x » mm. 
or3-mm Ld. x 30 mm) ware made from parxpn (Figure 1). Both 
inlet and outlet ware fitted with ayioo maeh(2D^am pore lira and 
4«aVmm Ld.) to retain tho immortfliterl enxyme beada, Pcaypro- 
pyUne and fittmga (ChaminsrU VICI Valco Inatramente Co.. 
Imv) were uaad to connect the reactor to the m en f fold Tha 
rwactan wen packed by pipetting the umDofaObed enxyme 
tuapenaioa in buffar into the bed until a foQ bed volume waa 
raartinri and allowed to aattie under gravity. Whan not in uaa, 
the reactor ware etared at 4 *C in 0.1 M Trie buffar at 

pHd. 

Plow InJaetaaB System. The ayatem uaad ua n pr i aad an 
BBFBR for enxymetic hydrolyaia, a Spactroflow 757 
photometar (Afil Analytical Krataa Divtboo) with a 1&*L 1 
through call for product maaauremeot, a Digital Peripheral 386 
PC oomputar with e Chrom* A^ei 500 (Hartpwn) date acq uiaition 
unit, and a timer for proceaa automatioBV A acbasnaric diagram 
of the flow injection ayatem for the etudy of alkaline phoaphataea 
available phcaphjorua (APAP) compounda ai ahown m Figure U. 
An lamatac MSXA2 840 ttxad-uiead pump waa uaad for aampla 
dativary, and a four-channel Umatec MS^t>Ra)gio 100 variable* 
apead pump wax uaed for carrier and leageuta delrfary, Tygae 
pump tubea were uaad whh theae two pizmrav A Kbe u d y ne 6041 
vmive with an electrical actuator built io-iiouae and a 2£0-oL lrxyp 
vaa uaad for eampie injactioD. Taflon Ojfadngc^Q^mmLd. waa 
uaad for the FlA manifold aaaemhty. Trii buffer OXlM, pH 8) 
*^T 4 n* p, ' T Tg 0^ M Ne*&0« wax uaed aa the buffer earrfcr uniaaa 
otharwixa atatod 

Orthophoaphate produced by bydroryaia with alkaline phoe- 
tfyrfmmm from an injected aampla waa detactad aa phovphnDu> 
>y K<Ut>mn Mil* aad ami iiimii ired at fflO DHL When gTthnphm* 
phate ia praeeat in a aampla. tha Analytical reeponaa meaxurad 
correaponda to tha iiuo of APAP and the dmaolvwi reoctrre 
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phoaphorua contaaL Characterisation of immobilised alkaline 
piuarphataec waa carried out in * flow injection tyiUa anoaiaUAg 
^af a buffo etream tad a water carrier line {Figure lb) hiiIm 
vhsrviMSUtad la thaae experiment* p-NPP «m UMd aa the 
.dbetraie, mad the product of cnymatk hydrolyeia. />-NP. wm 
measured At 410 am. A smell taactorsia* wu choaeii for rm&uza 
Hir-^— ~A later in this article. The degree of ooawmioa wu 
calculated from the ratio of the FIA peak height of a vubvtrete 
•ohitioc to that of p-NP or onaopaaapaaU solution (depending 
on the d*tact>ao method uaod) of the same coneeatreaan. 

Measurement of Za(II)lan*w In thestuc^cf thereaioratian 
of enzyme activity! a risible ehaorfaaaee detection method using 
PAR" hae bora used far tha Quantification of Za(ll) ions. The 
reagent delivery module k shown in Figure It In plotting tha 
calibration curve of ZnttD ione* data douU* from the fb^u^iectaon 
for each ajvu concanttntiaa an uaad to avoid tha detection 
Brtorduetotheerrtimuktkmof Zp(D) ions ainng the Una, Every 
injection of Zfi(H) aolutioa ana followed by two injaetiooa of 
•ulruric acid solution (pH 1) to aaaura tha removal of adsorbed 
Za(0). 

RESULTS AND DISCUSSION 

latavobilisod Kaaynae Kinetics. Competitive inhibition 
of E. cot* alkalina phnsphataae by orthnphcerphate ia trail 
kaowD- 1&J7 Many reaction acfaexnea haw bean propoaad far 
alkaline phaephataae raf aryaad hydrolysis. 1 * 11 Undar tha 
praaent experimental eondiUcfaa, a simplified version ia 
formulated which inrhaif a number of intarraoriaitm 

but retaiiB tha wrarmtial features of the reaction sequence: 



E*s 



ES 



E-P * ttOH 



0> 



whan E and S rvpreaant raapactrvely tha enzyme and tha 
substrate, ES ia tha en z y me eubetrate complex, and EVP ia 
thepbcephoryienxyine. Tha hack reaction between E-P and 
ROK ia neglected. Step k t U aaaumari to be the rata 
determining step, ia tha daasociatioD coaatant of E^P. A 
steady-state approach yielda 



kEJS 



5 + 



(2) 



where » ia tha rata of tha enzyme reaction, Em tha enxyina 
activity par unit volume of enzyme- Scpbaroae matrix, 3 tha 
c ua canti B tkn of tha substrata, P, tha caneaatzatian of tha 
competitive inhibitor, k (h ■ A*) tha catalytic conatant, and 
Kd (*wj • <*-i * *i>/*J Uat Mirhattua coaatant far tha 
immoWlixed system. Por tha product mhlbrtanp kinaUca (eq 
2h eq 3 was derived to deacriba tha substrate ccervareiaa in 
an ideal plu^r-floer immnhilixad enzyme i 



(3) 



^ jo thia eiunaainn. 5q ia tha initial concentration (M) of tha 
jbatratA, X tha dagraa of amvuiiao, Er tha total ansyme 
^trvicy (mol) ia the raactor, and Q tha flow rata (L min 1 ). 
k£r n [inaiiiiTi the maainrnm rata (mol min' 1 ) of product for* 



(71) Manual. HPLC-CS& Caum Iruiatiutum oad Ogmranan iftM 

Document No. aJBoH, Diana Corporation. 19B&. 
(20 tti— wmt .A: Kmamb.J. F+CmM. J. *t & ImmUw limit Wmwymu 
ami CwUr. Adas HOaar Braaoi and PhfUdatnhfai, la97; pp 171-3DA. 



mation paaaing through tha bed reactor. Since 0 £ X S I, 
eq 3 can be egprasaad aa 

£^rrr-;-T (4) 

Whan X ia vary smalL the eapenaioa of InU - X) wiD be 
Homin at ad by tha -X term. Replacing X by r^Stw where c, 
ia tha concentration (M) of tha product, tha anproxiznatiaa 
of aq 4 yielda 



(6) 



Thi* expression hu the MichMlift-Menton kiiMtia form. 
RMRUgenent of eq 6 siva 



ki>- 



kEr 



(0) 

(7) 

(9) 



Tbaae three aquationa are aimilar to the ] 
Burk raoprocai, Haaaa-Woolf, and Wooif-^ 
Hofttee piota for free tggymaa n and can be uaad for plotting 
enzy me kinetic data for flow ayatema. It ia worth noting thai 
a number of wtwkatm xtJD have reported that ia a function 
offloerraia. Th* wwi m^nH— tK^i >«nti— ^ *rf HfffnaMwi 
limitation of aubatrataa on the kaaatica of utunobaUaad 
anaymea. A graph of product formation a a 6mctam of 
aubatrata coacantration ia ehoera ia Plgure 2a. Thaae data 
ware uaad to cnastnict the kinatic plota of l/e 9 Q vb XJhEr, 
CvQ va c 9 QfSo> and SJc^Q va So (Figurea 2b-d). Tnaaaspaa 
and intarcapta of thaae plota enable and kEr to be 
datarsunadL iiMTtw^ fiiKtnH alkalhw x^^f^^^ r^mf^ur 

of IS-itL volume (Ll-mm ud. x S mm) ctaitaining 8J uniu 
mlr 1 of aaayma activity, am obtained vmluaa of 1.13 X10-*M 
for it^ and 1.S6 X l(H mol mur 4 for kBt. Tbaae vaiuaa are 
tha aaaraga of thoae obtained Cram tha three plota, 

Whan an initial cc^macration of ortbeeikovphata, ia 
praaant in the subatrau aolutiGn, eq 3 no lranjar appiiaa. Wa 
iaotaiuca tha maaa balance to a fluid aatmant undar tha 
idealized pliarflow cwnditiona, in which tha IEPBR b 
chavactarisad by a variation of < 
the entrance to the exte 



S^QdX-ad^ 



where d a tha iiicrament of tha volume of tha i 
Sephaxcee matrts, X - Cp/fit aa cWacribed eajiiar b the text, 
afid a ia daacrioad by aq 2. Py c* + SJC wham the 
ccaKxntratioci of P-E + S^X. Intagraiian of eq 9 Under 
the boundary rnajdrfirata that V|_ - 0 when X - 0 and 
■ when X - X raaolU in eq 10 for tha parf ormanca of 



r>oa4ciiu in Qowmi B^Mi^iiPy, ioha W0*y A 
197a; pp ZSS-aaa. 

(34) WMaILRH;J«QnLM./l^./V/^ A 
7aoey 1B7X, ai^Bft. 

Oft) Khvara. T.: Oaeam, aC Yeabida. aU Nakmfcual T. Bmtm*ndL 
Btmmi. itaa, J7 t enxTe. 
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IfrontfwFtA- 

I. (b) VcJ3 

(4) 6Vo,0 

raie^m *»n 0.07 X 10* to ftVtt X 10- H 




I. GO 2,00 3.00 
(d) 

1/^ (c)^0«vm 



the 

( l -fe)**-*-( 1+ 4 + jfe) ho -»-T : fl0 » 

where Er «« VrE. end V B U ths toUl volume of ensyme- 
Sepharoae matrix inrlurfed in the meter. 

Whan X is vary snail, eq 11 is obtained, which a snnilar 
to eq &. 



Rearrangement of tha above equation gi^m 



e p Q kErS^ * k£r kBrSJCj 



(11) 



(U) 



ba uaad to obtain X^. Front auch a plot far immobilised 

X 10-* M. with tha value of *^ obtained hum eqs 
Equation 11 suggeeta that far ortfaophoaphata ftnhfbftfcm to 
ba reverted, tha cottcootntian of thai substance nnait be 
mxv£ leas than that iePa/J?^4£l. Is many river waters, 
tha concentration of orthopheaphata (s lass than 1 X l(h* M 
(tA, much laaa than tha value of K* for lEPRR). and therefore 
the inhibitory effect may ba neglected* However, whan 
inhibition U evident tha warn of the IEPBR can aiwmye ba 




I torn toe FIA-IBV* 

b). i.6i x 10** M 
iranghQ from 4^4 x 10"*t>l_2) X IO^Ui 

»oH. 1 i m iLdxa^rmi 
lOf&Sfiei^^ 



icrftbamjscted sample 



L to achieve 100% cmverda 
and oflaet tha inhibitory enact. 

Value* of tha MWiaaHa-Maatan conatant and the <Umm> 
ciatkm rrmstan* for free [ilasnilialase wan found to 

be 2.13 x lO* and 1.14 x 10*M,raepe**r9ery,Dtmthe Woutf- 
Auguetimwnn-Hojfirteo plot of tha initial ram Him rata, 
versus */So and phnephef s Inhibition plot of 1/e. v*r*us 
These two plots have tha fallowing reejaaekm equations: *\ 
- 4-83 X Mr* - a 14 X 1<H) */So (iP - 0-981) and 17., - ZS3 
X 10* ♦ (X79 x 10*)>\> LP - 0386). A cmnpnrtaon of the 
lUBgnfUida* of the Hhanrirtioa ^*tt for free and im- 
inoailiaed ensyme shows that a muehkjeei as a a a n tr at i au of 
orthop^oephazecauaei in^ibra^ 
with that ba an immobUnad form and m a 

8i»of IKPBJL In an analytical Cretan, it is desirable 
that an IEPBR operates at 100% of sample common, 
otherwme frequent ceKhratian Is necaaeery due to the 
nrniHrieerityof t^cmlAmriaanerirvemthe<lut)% canverBan 
ranee and tha pnaeihle loss of eniymo activity with tana- An 
eatimata of the amoont of J ensyme iiiwImI u> 

provide an ■■ reea of eneyma a ttivhj on tha bad can bs 
obtained from «g 3. This thueis that tha tosal eneyma activity 
kSr on an DEPBR must ha graatar than Q (&> + Ua^ -f 
Ua^S^XpJ to obtain 994% of aubetreie convvreioc. The 
general i>ni "—>'■" for the eatrmatfam of theeiae of the QCBPR 
U 



(IS) 



where c fl te the mairiminn lubstrata oanmutietion (M) to be 
analysed, V, tha size fc*L) of tha reactor reqidred, end V 0 the 
sixe UL) of the reactor for which the enryme activity (kErh 
(tool minr 1 ) la obtained. For example, a reeiitiw of U&*uL 
volume is required to achieva 993% uuu e arsiun of a sampai 
eantainmf LSI x 10-* M p-NPP p aaaomiaj that a^ is 1.13 
x 1CT- 1 M. Xp< is 1.07 x 10** M. and tkErh b 1S5 x 10-* moi 
nhr 1 , as were obtained 6wm e reactor of 13-aL voiume. In 
practicB, EPBRa were prepared with oaw^thM more volume 
than thaoretiealry neceaaary to ensure complete conversion 
and long operational lifetime. 

Active Catalytic Site* on the IenawMllawd Enzyme- 
The poasible number of activa 0fies sssnrfatsri wfth frae R. 
eoli alkaline phosphatase has bean stained by a number of 
researchers- 17 There has* huwai 1 . bean Utile stady of the 
rfirerifrfft affect of the i m*r tf ?k *l'"** # ^ gg> change in ensyme 

binding of substrate to the emtyme can be enmndered to be 
a Cast equilibrium, as tha step h% shoam u eq 1 ts the rst»- 
dM f flp ffirpra| y«**j» If the unmofailixed ensyme has n equrriJess 
substrata Kif^i^j tits with a d iss i tfiatk a K m tar the first 
molecule of S binding to any of the n vacant sitae, then the 
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where the foraatifiii ef tbe phnaphmyl enayme intermediate 
ia omitted far eimpUcity and BS, ES* ES» repraaent 
•naynur^batrate complexes Each eubetmte molecule that 
kfawU is anuMd to make it m for the nest eubetrate 
molecuk to bind, which U abown by tba dieaocktion conetant 
changing eequentiaJQy from K« to oio s *~<awK, (oi, a*, .... «■ < 
1) for the vacant eHea. Tba eoecartrutiona of all «bw»- 
■ubetrale complexes rontaining laae than n moiecuka of 
substrata will ba nagiigihk at any cnocaotntiao of 8 which 
i« cDnaidanble to tbo value of K* if tbn lactam o^ a* 
are vary email sombai Under tbia oandhion, tba HH1 
aquation 1 * can ba employed to describe tba relationship 
1 tba rata of the enayme raortirm par wait voiame of 
> matrix and tba number of binding aitaa, 
a* aboarn in eq 16, wbera >w» ■ *Mk K m ei*t^-e*X- and 



(16) 



k f a tbe catalytic rate conetant. r, £* and S bave tba aame 
phyeical Tp***"*^ aa tfaoae daacribed earlier. 
T/tha fffrmatMi ^Mt^i^ wni 

/■N^iriUlMi^ H o we war , n wfllno longer equal the number 
jf active them, but it will ba tba number of apparent substrate 
hmding sitae par mokcuk of enzyme. Tba ■mallear integer 
value above tbk apparent n value npreasnti tbe minimum 
number of actual site*. 

For EEPBR systems, integration of aq 9 with eq 16 under 
tfaa boundary mratittrme that V_ - 0 when X - 0 and VW 
- V R wbenX- Xytelde 

K 1 . „^k£r 



K 1 
s -l-n 



When XU very email, U~ XV** 1 « 1 + (» - and eq 16 



(IT) 



If y,y *J?r 

With the subatmrckn of X *■ cJSq. eq 17 can be 
to give 



S9 

wbera 47r . and cjQ have tba 
thoaa described in an eartiar 
ba written aa 



(lfl) 



phyaJoali 
rftrifl* 1 *— 18 can elan 



1^ ±£V^£$ . loj X - » log c\ 



(19) 

log 5* will produce 



and a plot of kg (c^O^r - c»Q)] ^ 
« itreight Une with a tkpe of ru 

When thwdate from Figure 2 w*ro r*piocted in tbia kg 
form (Figure 4), an n value of 0 JBS wan obtained, whkhehowe 

that tbe enayma babavaa aa if ft ja fi a 

amgia aubatrata binding aita for aubatrata cuuLsuiUatl ona up 
to 2.42 X lO* 1 hL Tba reault b similar to that reported for 
tbe free ts^ea, wbere ocs active aha vaa found at low 
•ubstrate concanirationa (5 £ 10- M). 11 
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F^am ft* Enwst of varytr^g pH on the fete of \ 
(D)lrf>n ol a^ and(w >rae£ orfi 

ard1.7a0nDjofp4a?narmw. Anmaoanafngof quijiiw eeafc 
kt tw aaavy ter hiiiiiral—i enzvme and 0.012 ma In to* 



Effect of pB on Knayme Activity. Tba optimal pH for 
uamoUliaed £. ceU alkaline phoapbataaa for aubatrata 
1 1 1 " waiiaip waa atudied uaing tba b ^ ^ h aaaay da» 
acribed eartiar. Man'mum activity waa obeerved to occur at 
appmriffnta pH 8 (Figure 6). and far tbia 1 inarm bufEara of 
pH 8 wore cboaen for uae in tbe other atudiee res 

Buffer GompoaitloaL The effect of buffer 1 
on tbe activity of the i rnmnhniaad E. coti alkaline j 
wea atudiad by following tba deg ree of convarajon of n»NPP 
(LSI X 1CH M) on a vary email IEFBR. Tba irnmohflimri 
enayme abowed tba aame activity in Tria-HO (ai M» with 
06 U NaCl), NaHCQ> (dl M, with or without 05 M NaCD. 
andbara^Ha(a012SM)bu£faraatpH8 b li:ai. I ta activity 
waa about 10% higher in Ttie-HCl only burtar (ai bL pH&l) 
and 10 X lower m NHiJIrO-NH*** (029 M, pH 6U)) bufEn. 
An alt ar n atlv e buffer. Tridnn (pH BjO) waa found to inbibrt 
tba encyma ectivity with time, 

When Trie buffer (0.1 M. pH 8) with or wftbnut NeC3 wen 
uaed aa tfaa buffer etaream in tba flow injection fyetnm 
preaantad in Figure la, the enlibrattencurvm for both p*NPP 
and ortbepheaphata were nrwaniil to ba nmlmaar at low 
unaJBUtrntf omv A pneaibk explanation for thai : 
bahavaviatbntortbnn^oaphanaw 
Sepharoee matrix aa a aanaeqaaaaca of the interaction 1 
phnaphate and enayma aa deecribed by and/or tba 
intaraotion between pboapbaSa and the Sepharoee medium. 
Tba Utter poaaifaaity waa inmHaatad by aubatituttng tba 
NeCl b the bufEer etream with a tah having a 1 

tecNajSO*. A aajniScant dlfTarance in I 
when Nad and Na,SO< of tba 
»uaad. Siiaaulfatebaanevarl 
be an inhibitor to alkaline prMwphafeae, thai 

1 that an interaction between orthophoaphaia and the 
xumd. TaJ^Iahowatharatimofthe 
1 for a kw ortra^bnephate eooosntraiion of 
flLO? x 10-' M eump nr ad to tfaat recorded with a higher 
fttion of 1^1 x lO* M when Trin-NaCl and Trie- 
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Tehst L Basses mi Baeswaase •i rtaepoao |bn «f e Low 

i(urx io* Mmtom- ef That era 
i (U61 x (r 1 M) u ti Indicator «f 
1 calf Alkalis* 



ratfe 
ikui 




redo 
cafeulatad 



<HU»smMaCl 
408U Na*S<X 
+c^afNs*a0 4 



redo* 



aiB 



bftfcht 

<aoofl 

<ao06 
an 

0JR3 



a&a 

1.03 



aooi 

0D17 

aofio 



<aoi 

<aoi 
aa 
a<M7 
aois 
aafti 
aoeo 
1x020 

0.060 



> flrnpHfaj rets wot about 20 Injection 
activity In tha mur (S^ma-LcL x Van m 
uarWmL actrHty) ensured that it 

x l(r* <x«r liUllHM. 



mI with pwHnss of 6*7 
«t 100% of substrate 

of 6.07 



3.00 




aoo 



2.00 



1. 00 

1 1 TypftosJ osenmoon em uesaj FIA syeosm 1s tar p«Pf» 
of tw reactor was *«nm La X I cm. Irfirvnsttad enryme 
1 of 0.7 <*w* ffi.- 1 tcfMry [/« 731 + (1.07 X 10«W(* 

- 1001J. 

Na*SO* buffers of various ionic strength *mw used. This 
high concentration wa chosen as the ref ersnce point because 
tfao adsorption of ofthnphoephnte an the Sephsrase maths- 
is iindgnuVant st the higher concentrations relstive to that 
observed at the mjwiii luiu'eiitrstioca. GenereUy.et the higher 
buffer tonic strength, the experimental ratio approached lha 
theoretical value of 0.05. iodic* tint; that negligible phosphate 
wee edsorbecL The inusaiice of sulfate in the buffer carrier 
significantly reduced the edsorptioa of phosphate onto the 
matrix and i n er aae ed the ratia On this bam. 0.1 M Tria 
butter et pH 8 containing 0*6 M NajS0 4 wee chosen ae the 
oarriar buffer In moat studies. 

It B) else of interest to aota that the retioa calculated on 
the basis of peak height of aheorbance art ccmsistantly lower 
than thoee obtained from tha peak area et the sampling rate 
of 20 injections pat hour. The edaorptian 0/ the arthn p bne- 
pheU resulted In broadening of the peak and thus s lowered 
peak height. Thm peak area, however, represents the total 
amount of sample injected after the sample tone has passed 
through the reactor. For this reason. It is suggested that peek 
area be used sa the eaarytii^rtBpoiM 
and, thereafter, frequent calibration at low concentrations 
required by peak height response can be avoided* Figure 6 
illustrates s typical calibration curve for p-NPP. where 
uiiMantiatlan ranged from 1.61 x 10-* to 1.61 x 10* M. The 
puna ui e of sulfate in the buffer carrier was also found to 
incresse tha sensitivity of the phosphate detection chemistry. 
For example, the inclusion of 0-5 M No*SO« in 0.1 M Trie 
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buffer increased tha sensitivity by 47% (Figure 7). 

The in teroctka between ore hryl^^ 
inatrixwea further tasted by calihra^ 
the FIA system shown in Figure la but with a CNBr«ectivalod 
Sepharose column, which had bean deactivated by washing 
with 10 mM HQ followed by 0,1 M Trie buffer (pH 8,0). in 
place of tha TEFRR. H&e oithophosphate calibrati on cur ve 
followed a trend similar to that ocaervad with an IEPBR, 
namely, it was curved at low concentrations when the peek 
height response was recorded. The effect of sulfate on the 
calibration curve was slso similar to that noted earlier. 

auhetrata gpeelflelty and Kaxyms BsarrflvaUon, (1) 
Adsorption of Zn(II) Ioms onto Sepharoea. Alkaline 
phosphatase of E. eotf is s sine metelWameyma,* It has been 
reported that tha activity of tha free ensyn^canbersverttory 
removed and r ast or ed by the removal and addition of sine 
ions st the sctlve site. 1 ** Before investigating the possibly 
reversible activation and daactivatssn of the immobuhsd 
enzyme, it was necessary to establish whether sn interaction 
occurs be t ae an Sepharose and Zn(XX) Ions which may affect 
the encyme activity after the introduction of Zn(ID solution 
to the enxyxxie-Sepharose matrix. An estehlished speetro* 
scopic method used in high-pressure km chromatography for 
determining Zn(II) was employed, snd the ux re spondin g 
signal as a functian of Zn(II) caiicentratiaD was studied with 
an online Sepharose column A plateau was observed at low 
Zn(ID concentrations whan 0.1 M Trie buffer of pH 8 or Tria 
taifleT containing 0.6 M Na*SO« was used uth* buffer stream 
The plot of lesprmse van us snsiyta eatrspolatad beck gives 



abscissae intercepts from which tha amount of Zn(ID in the 
sample edsorbad onto Sepharose matrix may be deduced. 
The abscissae intercepts had values of 5.7 X l(r* and 2.1 x 
10"* M raspactivaly in tha absence and presence of sulfsie. 
It is evident that fewer Zn(U) ions were adsorbed by the 
Sepharose matrix in tha presence of suifeta. 

(2) Substrate SnaciOclty. Tha substrate specificity of 
immobQixad E. vati alkaline phosphatase woe tasted with 10 
different organic and condensed phosphorus compounds, 
selected on the basis of t ^ %m different phosphorus V^Hf «»H 
degree of porypb^ihorylatian within their structures, Com- 
plete cojrvemoo of p-NFF, Oglucase eVphoephata, ol-*- 
glycerol phasphata, sodium pyrophosphsu. sodium tripoty- 
phosphata, and edenneine S'-trinhasphata was achieved on 
an IEFBR mntatning excess anxyms sctrvity. The imaio- 
bilixed phosphatase, however, displayed no edivity 

toward suhstratas rontaining OP bonds, such as (2- amino* 

C2B) n<Kk> f D. J.; UvtotiW. C; V«Ik«. a l~ 8im**m^try ISO./, 

373* 

(77) Pkkc&a, D. 2- Vml^i, & U BCachimUtry ISSX, 1, 1039. 
OBI MUkr. J. C; MOler. J. K StacMa f** Anatytieal Ou/oirt/r. 
EUb Horeood Umltad: CnichasUv, 1966: Chapter 2. 
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i(Jv^3t ! 

llhjinfl^ffia^ftcaifc^oj^gawtanfprpH^Mjiftiiof random 
(— ) ■ Fresrsr asjoJasd w*h ttsTsmOned onejefv of 8.7 isvia 
itC-'ofiSfctrC )»«ftorbaaOT»«hyaX2flOMLOfOJMTrte^CI. 
pH ft, cnreajsrsj 1 mM Zrtflfc ( — ) 0 star on* cycle of removal of 
Mil) by PH 1 add ***** Mfa-ad by 2r«II) laawtan »•» 0.1 II 
TfWO pH 8> oomMng 1 rnef ZrtSO* (—1 ■ after f*o oycaai of 
i a i T w al and wui l te of ZrCH) cortcene mdHD alar «*» c 
of rvncawi and raataraaoB of Zn(U) < 



ttbyUpaoaphonic acid and phnaphnnoformic add. Phytic 
add [bexakis (dmydrogen priosnhatahmyo^inoaitol] wu also 
not hydrofyncL 
Whan a smaller ESFBR ~w»*«»»wf a limited amount of 
^ ensyme activity it deed, the eonvuium degree X provides 
*" indication of the enzyme activity fox a range of eubauntea 
(Figure 8). It can be teen that the activity of the hamobilixed 
myn for tha tested compound ii in tha sequence of p-NPP 
> ti ujuuaa eVphosnhete — D£*~a-^iyceroi phosphate *» sodium 
pyrophosphate > aodlum triphosphate ■■ adenoaina 5'- 
trinhmphaia. 

E. eoii alkalina pbosphataae displays rcveraihle structure 
tad canfortnatkai changes at a ftmetion of pH. u Zinc ions, 
l o pu r te d to ba important for the catalytic function of a lkalina 
phcaphataaa, ware complatery Loat whan the pH of the free 
aasymeeolution s/ea decreased to 4.0~ u Upon incnaaing tha 
pH, cac doaa not bind completely until pH 6.0. u The 
influence of tha dissociation and raanaodation of sine iona on 
thaactiWtycrfinmmbiln^dM 

eras ^m*. and results an included in Figure 8. After tha 
IEFBR experienced one cycle of acid and Zn(U) aolution 
trestn»Lthe«UTsyn>aectrvTtyo^ forp-NPP 
end 46-60% for tha other compounds. H u e- mm , no farther 
diopinaniymaaaiwlty wwobaaTved daring aubai^ieii it cyciee 
of Zd(U) removml and reataratkso. A poaaihla explanation 
for this change in enayme activity ia that tha reactivated 
enayme no longer baa tha earn protein structure. 9 The 
change of eniyme at iivUy could alao be a result of interectian 
In— m ZnffD ione of the enayme and theme adsorbed on to 
tha Senharoae suppor t (from tha ZnflR *m**iy*\*% carrier), 
which binder the approach of a substrata to a particular 
binding site. Una prssriMIity m unlikely, smce there waa no 
obvious drop in enayme ecti vi^y ueing a faehjy packed enayme 
reactor c ay i sd tea buffer s olution f«iUining a in c ion (Figure 
8V. Under this latter cnxaiftian, tha original pattern of t* 1 * 
crus ternary ■U uttuia nay have remained unchanged. Poe» 
tibia Ugand leakage from tha CNBr aupporVligand linkage 
at the low pH* may Also reauit in tha drop of enzyme activity. 
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Intcrfcrtnt 

)8. Eflact of mettJ km, 0TA, and waa 
of IEFBR. p+CP of 1.81 Xi(HK contaJrw^ kajfllL m}Tl Cdfiri 
Cotll). m\lX CUI li FetllX Fetlia im, or EDTA al ui^fiki i 
aMeaj of (■} 0.OQ1 U; (•) o.oi M; (O) 0.11*: (O) l at: art P) 10 U. 
waa uaod ea the aubavaat. aao the product, p^t? was rfemnren. 
Wraai 9m co n c eire a t kw of Pe<H) and Fa(III) reecreal 10 M ri *m 

vaertered e8h p^P rwe w tt.n eevef ea/ . and it— i fcii a aa i etmaiaef 
era not MUM. Stzaof tna l£PBRwee3«mmLfl. X2cnvangacaVay 
of tie pnekvej waa 8.7 unam/mL. On gWi are reftttfwo la foe of 
> ± nanoart emvjtev ere eriown ( W £ 3). 



Although a certain reduction in enayme activity 
obaarved foUowing the removal and addition of tine knn\ the 
add-Zn(II) treatment procedure raieee tha poaainuity that 
alkaline phoaphataae reactor* could be periodically cleaned 
and enzymatic activity r ea tor ed. r%athejinore v the actrvity 
drop prohlam may well be overcome by atnpiciying azceai 
activity in a reactor. 

(8) Effect of MetaJ Iona, EDTA, and Urea an the 
ImaoUllaael Entyme Activity. Aa noted* E. coli alkaline 
phnaphataae ia a sine metaJloprotain. Other Me(II>-apo- 
pboephauae complexea (Me(ll) » Ni(ID. Cd(II). CotfD. Mn- 
(II)) have alao been reportedL ri and only Co(U) alkalina 
phoapbataaa ia reported to be active. Competition b o t oja au 
ZndS) and other metal iona for the metal binding aime on tha 
enayme may reauit in the replacement of Zn(II) and a reduced 
enzyme activity. The influence of MgfID, Ni(II), Cd(ZD. Co- 
(II), Mn(H), Cu(II), Fe(II). and Fo(III) on the pe^ormance 

investigated (Figure 9). No docreane ia the recovery of p^NPP 
vaa obaarved upon the induaion of MgtID, NiCID. Cd(II). 
Co(II), Mn(U) f or Cu(II) at concentratiana of 0.001-10 M in 
theaimatralBBolutiotL When FefCbenupreaentin the eempte, 
e yellow color developed on the IEPBR with time. However, 
tha recovery of thnaubatzateenni not affected. In the f 
of FfOU), a double peak appeared over tha Fe(IID i 
trationrangeof 0.1-1 hL Itvaarecc^niaedfrcmthereteiitio^ 
time that the first peak cmv^ponded to tha enter of the 
aquaoua ferric aolution rtaeif and the aeennd peak waa 
correlated with the product of the enaymatic hydrelyaav Hm 
recovery ofp-NPP ow thia FedH) concentration range woe 
aigntfVanUy reduced, a pr— thi« wnUw^ai * ~y 
decreaaa in tha recovery U that those FefJII) iona i 
on tha ckpbnroea medium and preaent ia tha temple i 
compete eHth the immobumad enayme for binding the 
substrata compound, which reduced the amoont of tha 
tube cms thus available for the enaymatic reaction. Tha 
edeorptkin of Fe(III) iona onto the enaynte^Sepherraw matrix 
waa indicated by e dark yeUow color developing along tha 
length of the IEPBR with increasing number of injections, 
The effects noted with FsflD can be oxplainadbyFeni) being 
adsorbed by the 8epheroae and then gradually being cauomed 

OD L«xeuukLC^intrlclw^C^Us^^ 

«, 610-617. 
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toF^nfibroxyfVDpfjSLtfaflQAbibphAM. Thereducad 
recovery oouki eloo 1 aauJr from the repUcetnaot of the Za(ID 
by F«(IZD on the binding sites, which subsequently deacti- 
vated the easyme. How, this possibility tu ruled out, 
line* the re c ov er y of />KPP iu quickly rst tared after 
Fe(IID was nmowd tea the sample eol ation. 

The effects of cheloting eaea m, such ea EDTA mad una. 
on (ho putemasea of the IEPBR were aiao tested {Figure 
9). The recavsryof n»NPPwssaot affected by thepreeBOcs 
of urea op to a concentration of 10 M. Howvwj, the pi fe nce 
af EDTA gradually deactivated the ensyma with a decrease 
In axnmum to ieee than 76% a/tar 15 injections of 10 M 
EDTA. 

Tb* ensyma deactivation and iteMTivarinii method die- 
1 meed |iiswiimtly v^succoaafiiUyappu>d towashthc 
Ion fwntaififnanta off the reactor and re store enzyme activity. 
Tfce activity of an EOTA-tnttad IEPBR was alsoiucceaafully 
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sffectinJenW<m* of iausobOiaed E. eoli alkaline phofphataae 
in^A Panalya^ The evaluation of kinetic pnrmxneiers for 

■ftyw aiilynHun pwy«rn m ^ tiwr a h s tr eto woe uaj i aituL 
An immnWifd E, eoli alkalina pboaphataae pecheoVbed 
nectar has been shown to be tukebki for analytical una. 
Microbial growth or heavy metal mnTamfnsfhin pmbkms, 
which ere mart frequently encountered In field aneryem, can 
poeaibly be solved by an ongymo a cti v i t y r e st oring procedure. 
Enxymexic assays involving the una of XEPBRa have the 
potential to he a oaaful tool in water qnaUty aunagaaant by 
providing mistime date on 'biologically avaflahU • form* of 
nutrients. 
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CONCLUSIONS 

Hm present study has demonstrated the application of 
PIA for characterising immnMI freed enaymao. It has provided 
Infannecion on the n******* physical, end rhemiral factors 
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